Here, we present a protocol to synthesize and characterize Fe-doped aluminosilicate nanotubes. 
properties of the materials are studied by means of X-ray powder diffraction (XRD), N 2 sorption isotherms at -196 °C, high resolution transmission electron microscopy (HRTEM), diffuse reflectance (DR) UV-Vis spectroscopy, and -potential measurements. The most relevant result is the possibility to replace Al 3+ ions (located at the outer surface of nanotubes) by post-synthesis loading on preformed imogolite without perturbing the delicate hydrolysis equilibria occurring during nanotubes formation. During the loading procedure, anionic exchange occurs where Al 3+ ions at the outer surface of nanotubes are replaced by Fe 3+ ions. In Fe-doped aluminosilicate nanotubes, isomorphic substitution of Al 3+ by Fe 3+ is found to affect the band gap of doped imogolite; nonetheless, Fe 3+ sites at the outer surface of nanotubes are able to coordinate organic moieties, like the azo-dye Acid Orange 7, through a ligand-displacement mechanism occurring in aqueous solution.
INTRODUCTION:
The term nanotube (NT) is universally associated with carbon nanotubes, 1 one of the most studied chemical objects today. Less known is the fact that also aluminosilicate NTs can be synthesized, 2, 3 besides being present in nature (mainly in volcanic soils). Imogolite (IMO) is a hydrated aluminosilicate with formula (OH) 3 Modification of the outer surface is of paramount interest for the fabrication of imogolite/polymer composites, 23 and involves either electrostatic interaction or covalent bonding. The former method is based on the charge matching between the outer surface of NTs and a proper counter-ion, e.g. octadecylphosphonate; 24, 25 the latter method implies a reaction between pre-formed IMO NTs and an organosilane, e.g. 3-aminopropylsilane. 26 In water, electrostatic interaction between IMO and ions is possible due to the following equilibria:
27 Al(OH)Al + H + = Al(OH 2 ) + Al (1) SiOH = SiO -+ H + (2) leading to charged surfaces that have been tested in the anions/cations retention from polluted water.
28-32
The present work concerns yet another modification of the outer surface, i. Table 1 , measure N 2 adsorption/desorption isotherms at -196°C.
Before measurement, outgas the samples at 250 °C, in order to remove water and other atmospheric contaminants, 10 still preserving NTs. 6, [14] [15] [16] Instrumental details are reported in ref. all the samples showed the typical XRD pattern ascribable to NTs organized in a hexagonal array (Figure 3a) . 43 The main peak corresponds to the d 100 reflection, from which the cell parameter, which corresponds to the center-to-center distance between two aligned NTs in a hexagonal packing (Figure 1) , is calculated as a = 2d 100 /3. The d 100 peak is in the same position (2 = 3.88 °) with both IMO and Fe-L-IMO, whereas it shifts to slightly higher angles with samples prepared by direct synthesis, leading to a decrease in the corresponding values of both d 100 and a.
This phenomenon was ascribed to the replacement of (bulkier) 3b) in a hexagonal array (Fig. 3c) . N 2 isotherms (not reported) allowed measuring BET SSA and pores volume (Table 1) Table 1 were determined. Table 1 Relevant properties of the samples, as determined by N 2 isotherms at -196 °C, XRD patterns, DR-UV-Vis spectroscopy, -potential measurements and adsorption experiments with AO7 -water solutions.
DISCUSSION
In order to be successful, the reported protocol has to be carefully followed, since formation of NTs strictly depends on the synthesis conditions. The following steps are critical: in steps 1.2 and 2.3 a slight excess of TEOS has to be used with respect to Si/Al stoichiometry ratio (i.e.
TEOS: ATBS = 1.1 : 2). The excess of TEOS indeed prevents the preferential formation of gibbsite (Al(OH) 3 ) and/or boehmite (AIOOH) phases. 46, 47 Another crucial point is the fast hydrolysis of ATBS: to prevent this, a moisture-free environment is needed, e.g. the dry-box adopted in this work. Within the dry-box, it is possible to measure the volumes of both TEOS and ATBS with graduated pipettes avoiding ATBS hydrolysis that would lead to an unsuccessful synthesis.
Another crucial point is dilution in step 1.6: at higher reagents concentration, condensation of orthosilicic acid would hinder the formation of NTs.
During polymerization, the temperature has to be controlled carefully. The temperature of polymerization during step 1.7 should not exceed 100 °C: to the best of our knowledge, the optimum range of temperature for polymerization in order to obtain a high yield of pure NTs is 95-100 °C. At lower temperatures, NTs formation rate decreases, whereas at higher temperatures other impurities (e.g. aluminum oxides) form. 48, 49 The use of a thermostat would be the best solution, but measuring the temperature close to the autoclave within the stove may be enough, as done in this work.
The main limit of the synthesis protocol is that NTs do not form at Fe content higher than 1.4 wt.
%, as also reported in the literature by authors using a slightly different protocol. 33 This can be due to some structural strains induced by Fe in this type of structures. 
